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SPECIFICATION 
TITLE 

DATA TRANSMISSION DEVICE FOR HEARING AIDS 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a data transmission device for hearing 

aids having a modulatable oscillator circuit for generating an alterable transmission 
signal and an antenna device for radiating the transmission signal. 

[0002] Wireless data transmission between hearing aids or between a hearing 

aid and a remote control unit necessitates that the hearing aid or the hearing aids 
have a modulatable transmission oscillator which it should be possible to integrate 
into the respective hearing aid's integrated circuit. For the transmission devices in 
hearing aids, however, there are very specific constraints. First, there is the small 
amount of available space, particularly in in-ear hearing aids, and secondly, there is 
a very small available current for supplying the transmitter, which is usually in the 
region of microamps. Another constraint is the high frequency stability required for 
transmission, which can usually be achieved only with a crystal oscillator. 

[0003] To date, these constraints have been able to be observed only by 

amplitude-modulated transmitters in hearing aids, so as to ensure, by way of 
example, "cross" and "bi-cross" transmissions between hearing aids. For the 
transmitters, popular standard oscillator circuits have been used. A drawback of 
these standard circuits is the high power consumption and also the use of a 
relatively voluminous crystal oscillator as the frequency standard. 

[0004] In this connection, the printed German patent document 

DE 101 15 896 discloses a hearing aid system having a programmable hearing aid 
and a transmission and reception unit. For the purpose of wireless programming, 
the hearing aid is provided with a transmission and reception unit which is 
detachably connected to the hearing aid. This transmission and reception unit 
preferably has the external shape of a hearing aid battery and can be inserted into 
the hearing aid's battery compartment for the purpose of programming. This means 
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that components which are required for wirelessly programming the hearing aid are 
connected to the hearing aid only during programming. While the hearing aid is 
being programmed, data are provided in an external programming unit and are 
transmitted using a transmission and reception coil in the form of electromagnetic 
waves to a separate transmission and reception coil associated with the hearing aid. 

SUMMARY OF THE INVENTION 

[0005] The object of the present invention is thus to provide a data 

transmission device for hearing aids which has a low space requirement and low 
power consumption. 

[0006] The invention achieves this object with a data transmission device for 

hearing aids having a modulatable oscillator circuit for generating an alterable 
transmission signal and an antenna device for radiating the transmission signal, 
where the oscillator circuit comprises a coil device which is used as a transmission 
and reception antenna device. 

[0007] Various embodiments of the invention are discussed below. Since an 

LC resonant circuit can be used as the transmission oscillator instead of a crystal 
oscillator, the small volume of the LC resonant circuit allows it to be accommodated, 
at least in part, in the hearing aid's integrated circuit. If the resonant circuit has a 
high quality factor, the transmitter can be operated very efficiently. This is 
advantageous particularly because the transmission oscillator in the hearing aid can 
be operated at a very low supply voltage, in which case the amplitude of the 
transmission voltage should utilize the available range as far as possible. This 
allows a relatively large proportion of the power supplied to the resonant circuit to be 
radiated, which means that a high level of efficiency can be attained. 

[0008] Advantageously, the data transmission device has an actuation circuit 

which feeds an adjustable amount of energy into the oscillator circuit exclusively 
during a negative or positive half-cycle of the oscillation in the oscillator circuit. This 
allows better utilization of the limited battery capacity. This half-cycle feed can be 
implemented particularly advantageously using a current mirror which is actuated by 
a comparator circuit which monitors the polarity of the oscillation. In this case, the 
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current mirror can preferably be used to control the transmission power which is to 
be output and the oscillation amplitude. 

[0009] Advantageously, the data transmission device contains a modulator 

circuit, which is connected to the oscillator circuit and comprises a connectable 
capacitor element, for frequency modulating the oscillation in the oscillator circuit. 
This connectable capacitor element has a very low space requirement and may be 
integrated on the IC if appropriate. This design also readily ensures that amplitude 
modulation of the signal which is to be radiated is carried out. 

[0010] To trim the resonant frequency of the oscillator circuit, a trimming 

device which is connected to the oscillator circuit can be provided. The purpose of 
this is to set the resonant frequency, which may differ from the nominal value on 
account of component tolerances, by connecting or disconnecting capacitance 
elements. 

DESCRIPTION OF THE DRAWINGS 

[001 1] The present invention is now explained in more detail with reference to 

the appended drawings, in which: 

FIGURE 1 is a block circuit diagram showing a transmission oscillator 
based on an embodiment of the invention; 

FIGURE 2 is a block circuit diagram showing an extended circuit oscillator 
based on an embodiment of the invention; and 

FIGURE 3 is a block circuit diagram showing an alternative transmission 
oscillator. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0012] The exemplary embodiments which follow represent preferred 

embodiments of the present invention. 

[0013] In a first inventive embodiment in line with FIGURE 1, the transmission 

oscillator is formed by a parallel LC resonant circuit. A terminal in the parallel 
resonant circuit LC is supplied with a fixed potential VP, which is a DC potential 
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which is, by way of example, directly equivalent to the supply or battery voltage or 
else can be derived from a voltage multiplier circuit which may be present. 

[0014] The second terminal P in the parallel resonant circuit LC is in the form 

of a freewheeling pole. A comparator K monitors the freewheeling pole P with 
respect to the supply potential VP. The output signal from the comparator K is used 
to control a controllable current source I. The current source I is connected between 
a supply terminal + and a current mirror which is formed from two field-effect 
transistors T1 , T2 and is used for decoupling and impedance matching the oscillator 
circuit LC. 

[001 5] The first field-effect transistor T1 in the current mirror has its drain 

connected to one input of the comparator K or to the freewheeling pole P. The 
source of the transistor T1 is connected to ground. The gate of the field-effect 
transistor T1 is connected to the gate of the second field-effect transistor T2 in the 
current mirror. The gate and drain of the second field-effect transistor T2 are 
likewise connected to one another. The source of the field-effect transistor T2 is in 
turn connected to ground. The drain of the field-effect transistor T2 is connected to 
the controllable current source I. The controllable current source I receives further 
control signals from a starter circuit AS and a trimming circuit TS. 

[0016] The comparator K monitors the freewheeling pole P of the LC resonant 

circuit. For levels which are smaller than the fixed quiescent potential VP, it 
activates the current mirror. Otherwise it turns off the current mirror. The oscillation 
thus experiences positive feedback during the negative half-cycle. During the 
positive half-cycle, the energy in the resonant circuit LC is used to maintain the 
oscillation. 

[0017] The resonant frequency is determined by the resonance of the LC 

resonant circuit and can thus be stipulated by a suitable selection of L and C. 

[0018] The power injected into the resonant circuit LC is directly proportional 

to the current which the current mirror T1 , T2 supplies. It is thus a simple matter to 
control the transmission amplitude by prescribing the supplied current. In an 
integrated circuit, suitable constant currents are available for this purpose, and these 
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can be set using conventional measures. A suitable selection of the current mirror's 
mirror ratio n:1 means that the current mirror's actuation current can be smaller than 
the current delivered to the resonant circuit by the factor n. The maximum 
transmission amplitude which can be reached is the voltage VP. The available 
voltage range is thus utilized in optimum fashion. 

[0019] Control of the supplied current not only allows the transmission 

amplitude to be aligned but also allows the current drawn from the battery to be 
limited in precise fashion. Programming thus allows the component tolerances of 
the integrated circuit and of the external components to be aligned. 

[0020] To excite the oscillation, it is necessary to apply a short current pulse 

at the turn-on instant. This task is undertaken by the starter circuit AS, which excites 
the current mirror circuit with a current pulse of suitable length at the start. Only after 
this pulse does the comparator K undertake control of the current mirror. 

[0021] The trimming circuit TS is used to match the current exactly to the 

components used. 

[0022] A change in the control current I results in a proportional change in the 

amplitude of the oscillation, which allows corresponding amplitude modulation to be 
attained. With a suitable modulator circuit for the current I, the structure can thus be 
used to generate an AM transmission signal. FIGURE 2 indicates an appropriate 
control input S for the current source I. A control signal S is taken as a basis for 
varying the current and hence for amplitude-modulating the transmission signal. The 
rest of the components in the circuit shown in FIGURE 2 correspond to those in 
FIGURE 1. 

[0023] Another embodiment of the present invention is shown in FIGURE 3. 

This demonstrates a way of changing the transmission frequency by connecting a 
capacitance C. The resonant frequency of the LC circuit is lowered by a defined 
value when the transistor T3 is turned on. The transistor 3 is actuated by an FSK 
signal, which means that modulation in line with "frequency shift keying" can be 
performed. It is naturally possible for the transistor T3 to be actuated by a different 
frequency modulation signal. 
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[0024] Suitable connection of trimming capacitors C4 to Ck using switching 

transistors T4 to Tk also allows the resonant frequency to be trimmed in order to 
compensate for component tolerances. The switching transistors T3 to Tk and also 
all trimming capacitors may be integrated on the hearing aid's integrated circuit. 
Hence, the entire circuit as shown in one of Figures 1 to 3 may be integrated on one 
IC, possibly with the exception of the component L, with the coil L being able to be 
used as an antenna in an inductive transmission system. 

[0025] A circuit of the type described above ensures operation at supply 

voltages which are usual in the hearing aid and also ensures precise and simple 
setting of the transmission amplitude. Without special circuitry, the maximum 
transmission amplitude which can be achieved is twice the operating voltage. When 
suitable voltage increasing circuits are used, higher voltages may also be generated. 
Preferably, the modulation methods used are AM and FSK. The connectable 
capacitor elements allow simple tuning of the transmission frequency. 

[0026] For the purposes of promoting an understanding of the principles of the 

invention, reference has been made to the preferred embodiments illustrated in the 
drawings, and specific language has been used to describe these embodiments. 
However, no limitation of the scope of the invention is intended by this specific 
language, and the invention should be construed to encompass all embodiments 
that would normally occur to one of ordinary skill in the art. 

[0027] The present invention may be described in terms of functional block 

components and various processing steps. Such functional blocks may be realized 
by any number of hardware components configured to perform the specified 
functions. For example, the present invention may employ various integrated circuit 
components which may carry out a variety of functions. Furthermore, the present 
invention could employ any number of conventional techniques for electronics 
configuration, signal processing and/or control and the like. 

[0028] The particular implementations shown and described herein are 

illustrative examples of the invention and are not intended to otherwise limit the 
scope of the invention in any way. For the sake of brevity, conventional electronics, 
and other functional aspects of the systems (and components of the individual 
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operating components of the systems) may not be described in detail. Furthermore, 
the connecting lines, or connectors shown in the various figures presented are 
intended to represent exemplary functional relationships and/or physical or logical 
couplings between the various elements. It should be noted that many alternative 
or additional functional relationships, physical connections or logical connections 
may be present in a practical device. Moreover, no item or component is essential 
to the practice of the invention unless the element is specifically described as 
"essential" or "critical". Numerous modifications and adaptations will be readily 
apparent to those skilled in this art without departing from the spirit and scope of the 
present invention. 
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